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A new class of photocurrents is predicted to occur in both type-I and type-II Weyl semimetals.
Unlike the previously studied photocurrents in chiral materials, the proposed current requires neither
circularly polarized light, nor an absence of symmetry with respect to a plane of reflection. We show
that if a Weyl semimetal has a broken inversion symmetry then linearly polarized light can induce
a photocurrent transverse to the direction of an applied magnetic field, in spite of the symmetry
with respect to a reflection plane and the time reversal symmetry. The class of materials in which
we expect this to occur is sufficiently broad and includes the transition metal monopnictides such
as TaAs. The effect stems from the dynamics of Weyl chiral quasi-particles in a magnetic field,
restricted by the symmetries described above; because the resulting current is transverse to the
direction of magnetic field, we call it the transverse chiral magnetic photocurrent. The magnitude of
the resulting photocurrent is predicted to be very large in the THz frequency range, about 75 µA for
type-I and 250 µA for type-II Weyl semimetals. This opens the possibility to utilize the predicted
transverse chiral magnetic photocurrent for sensing unpolarized THz radiation.
The hallmark of Dirac and Weyl semimetals is the
emergence of chiral fermionic quasiparticles; for a review,
see Armitage et al. [1]. The chiral quasiparticles enable
the study of quantum anomaly-induced phenomena, such
as the chiral magnetic effect [2], which results in a large
negative magnetoresistance [3, 4] observed recently in
a number of Dirac [5, 6] and Weyl [7–10] semimetals.
Dirac and Weyl fermions possess well-defined chirality
χ = sgn(~s · ~q) (where ~s is the pseudospin, and ~q is the
crystal momentum) that is approximately conserved be-
cause the rate of chirality flipping transitions is usually
much smaller than the rate of chirality-preserving scat-
tering.
In Dirac materials, the left- and right-handed fermions
are at the same points in the Brillouin zone, while in
Weyl materials, they are at different points. The exis-
tence of Weyl cones is topologically protected, as a small
perturbation cannot open a gap in the quasiparticle spec-
trum. Dirac cones are not topologically protected, but
may be protected by crystal symmetries [11]. If a ma-
terial has both inversion and time reversal symmetries,
the cones of different chiralities must necessarily lie at the
same points in the Brillouin zone, so Weyl materials have
either broken inversion, or broken time reversal symme-
tries, or both. In this work, we focus on Weyl materials
with broken inversion symmetry.
Recently, a chiral photocurrent has been predicted [12]
and observed [13] in the Weyl semimetal TaAs in response
to circularly polarized light. This photocurrent results
from the combined effect of the selection rules involving
chirality and the tilt of the Weyl cones. The emission
of elliptically polarized THz radiation in response to cir-
cularly polarized infrared light, as a result of transitions
between Weyl and non-Weyl bands, has also been ob-
served recently in TaAs [14].
The crystal lattice of TaAs has a symmetry with re-
spect to a plane of reflection; we will refer to such materi-
als as symmetric, and to those that lack such a symmetry
as asymmetric. The helical magnetic effect has been pro-
posed [15] to cause colossal photocurrents parallel to an
applied magnetic field in asymmetric Weyl semimetals.
This effect is due to a combination of Pauli blockade and
the effects of Berry curvature and magnetic field. In sym-
metric Dirac and Weyl semimetals, in the presence of a
magnetic field, a photocurrent has also been predicted
due to chiral anomaly [16]. Circularly polarized light has
also been predicted to cause a topologically protected
photocurrent through the quantized circlular photogal-
vanic effect in asymmetric Weyl semimetals [17].
In all these previously discussed cases, one relies either
on circularly polarized light or on an asymmetric crystal
structure to induce the photocurrent. In this paper, we
propose a new class of photocurrents that appear when
the material has a broken inversion symmetry (x, y, z →
−x,−y,−z) but unbroken time-reversal symmetry T, in
the presence of a background magnetic field. Indeed,
the broken inversion symmetry allows the current of the
following structure:
ji = (σB)
i
j B
j , (1)
where Bj is the magnetic field. Since under inversion
transformation Bj → Bj and ji → −ji, the current is
allowed by parity only if the material lacks the inversion
symmetry under which (σB)
i
j → −(σB)ij .
In a material with a plane of reflection symmetry, the
components of current and magnetic field parallel (‖) and
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2perpendicular (⊥) to the plane transform under reflection
as
~j⊥ → −~j⊥ ,
~j‖ → ~j‖ ,
~B⊥ → ~B⊥ ,
~B‖ → − ~B‖ .
Therefore, in a material with broken inversion symmetry
but reflection symmetry about at least one plane, (σB)
i
j
cannot have a component proportional to δij , but it can
still have transverse components of the form (σB)
⊥
‖ and
(σB)
‖
⊥. If we have neither inversion nor reflection symme-
try, (σB)
i
j is allowed to have a component proportional to
δij ; this component corresponds to the helical magnetic
effect [15].
Transition metal monopnictides such as TaAs are ex-
amples of a symmetric Weyl semimetals; even though
they have broken inversion symmetry, they have reflec-
tion symmetry about multiple planes. They have tetrag-
onal symmetry with the space group I41md (No. 109): in
particular, they have fourfold rotation symmetry about
the c axis, reflection symmetries about the ac and bc
planes, but no reflection symmetry about the ab plane.
The photocurrents in TaAs in response to circularly
polarized light discussed and observed so far [12–14] are
necessarily of the form ~j ∼ cˆ× ~J , where ~J is the angular
momentum of the incident light. This is because of the
combination of fourfold rotation and reflection symme-
tries, as we will now explain.
We can write the photocurrent as ji = (σP )
i
kJ
k. Since
angular momentum and magnetic field have the same
transformations under reflection, reflection symmetry im-
poses the same constraints on the tensors (σP )
i
j and
(σB)
i
j . Since there is reflection symmetry about the
ac plane, the only non-vanishing components are (σP )
a
b ,
(σP )
b
a, (σP )
c
b, and (σP )
b
c. Similarly, due to reflection sym-
metry about the bc plane, the components (σP )
c
b, and
(σP )
b
c also vanish. Due to the fourfold rotation symme-
try about the c axis, there is only one independent com-
ponent (σP )
b
a = −(σP )ab ≡ σP , and the photocurrent is
therefore
~j = σP cˆ× ~J
Since magnetic field ~B is even under parity and odd
under time reversal, just like angular momentum ~J , we
can use similar symmetry analyses for photocurrents in
the presence of magnetic field and photocurrents induced
by circularly polarized light. Such an analysis for the
photocurrent due to unpolarized light in the presence of
a magnetic field yields that the current should necessarily
be of the form
~j = σB cˆ× ~B (2)
Unlike the helical magnetic photocurrent [15] and chiral
magnetic photocurrent [16] , this photocurrent is perpen-
dicular to the magnetic field.
FIG. 1: Weyl cones which possess both anisotropy and
tilt. These Weyl cones are similar to the W1 cones of
the prototypical type-I Weyl semimetal used for
numerical calculations in this paper.
The symmetry analysis above shows that this pho-
tocurrent is not forbidden. We will now demonstrate
how the anisotropy and tilt of the Weyl cones (shown in
Figure 1), combined with the chirality of quasi-particles,
enable this photocurrent. Recall that the resulting cur-
rent in Eq. (2) is transverse to the direction of the applied
magnetic field. This is why we call it the transverse chi-
ral magnetic photocurrent. The transverse chiral mag-
netic photocurrent is due to the interplay between the
modification of velocity of chiral quasi-particles by Berry
curvature and the tilt and anisotropy of the Weyl cones
that prevent the cancellation of the resulting current due
to the symmetries of the Brillouin zone.
We will now calculate the magnitude of the transverse
chiral magnetic photocurrent for a prototypical Weyl
semimetal with tetragonal symmetry, similar to transi-
tion metal monopnictides that include TaAs. We assume
that the crystalline structure has a plane of reflection,
combination of rotation and reflection, or a combination
of translation and reflection as a symmetry. The Hamil-
tonian of a linear Weyl cone has a general structure
H = viT qi + v
i
aσaqi, (3)
where qi is the crystal momentum of the quasi-particle
and σa are the Pauli matrices. For each cone, the vec-
tor viT characterizes its tilt. We can define the tensor
(v2W )
ij = viav
j
a and its inverse (v
−2
W )ij which character-
ize the anisotropy of the second term of the Hamiltonian
in Eq. (3). The chirality of the Weyl cone is defined
as χ = sgn
(
det
(
via
))
. We can also define a dimension-
less tilt parameter α =
√
(v−2W )ijv
i
T v
j
T . In a type-I Weyl
semimetal α < 1 and in a type-II Weyl semimetal α > 1.
3Type-I Weyl semimetals have point-like (or in general
compact) Fermi surfaces and type-II Weyl semimetals
have open Fermi surfaces [18]. The Weyl cones for type-I
and type-II Weyl materials are shown in Figure 2.
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FIG. 2: Transitions at zero temperature for type-I and
type-II Weyl semimetals. The shading represents the
effect of the Berry curvature on the density of states.
The black arrow represents transitions that are allowed,
and the grey arrow represents transitions forbidden by
Pauli blockade at zero temperature.
Weyl points are monopoles of Berry curvature and
their chirality is the sign of the Berry monopole charge.
Because the total Berry flux through the Brillioun zone
is zero, there is always an equal number of left-handed
and right-handed Weyl points (Nielsen-Ninomiya theo-
rem [19]). The Berry curvature depends on the eigen-
states, not on the corresponding energy eigenvalues of
the Hamiltonian, and is therefore independent of the tilt
velocity and depends only on the untilted part of the
Hamiltonian. For our Hamiltonian, the Berry curvature
is
Ω±i = ±χ
1
2
qi
(qj(v2W )
jkqk)3/2
√
det(v2W ), (4)
where the + and − are for the upper and lower Weyl
bands (shown in Figure 2).
In the presence of a static magnetic field Bj , the phase
space is modified as [20–22]
d3qi
(2pi)3
→ (1 + eΩjBj) d
3qi
(2pi)3
(5)
and velocity is modified as
vi → 1
1 + eΩjBj
[vi + e(vjΩj)B
i]. (6)
Since the rate of transitions Γ depends on the number of
initial states and the number of final states, the effect of
phase space cancels out:
Γ→ Γ(1 + eΩ+j Bj)(1 + eΩ−j Bj) ≈ Γ, (7)
and we only have to consider the modifications to veloc-
ity:
vi+ − vi− → (vi+ − vi−)− (vi+ + vi−)(eΩ+j Bj)
+ e(vj+ + v
j
−)Ω
+
j B
i. (8)
There is no photocurrent in the absence of Bi. By re-
flection symmetry, there can also be no term along Bi,
so we will focus on the second term in Eq. (8). Since
vi+ + v
i
− = 2v
i
T , the only relevant term in Eq. (8) is given
by
vi+ − vi− ∼ −2viT (eΩ+j Bj). (9)
The sheet current density is obtained by convoluting the change of velocity given by Eq. (8) with the rate of
transitions induced by photons:
ji =
I[1−R(ω)]
h¯ω
e
∑
cones τ
∫ d3qj
(2pi)3 ΓW [f(E−)− f(E+)](−2viT eΩ+k Bk)δ(E+ − E− − h¯ω)
Γabs(ω) +
∑
cones
∫ d3qj
(2pi)3 ΓW [f(E−)− f(E+)]δ(E+ − E− − h¯ω)
, (10)
where τ is the relaxation time, f(E) is the Fermi distribu-
tion function, I is the intensity of the incident light and
R(ω) is the reflectivity. Γabs(ω) is the rate of absorption
from mechanisms not involving chiral fermions, and ΓW
is the rate of transitions for Weyl fermions, which is given
by Fermi’s golden rule ΓW ∼ |〈ψ−|V |ψ+〉|2. The interac-
tion term V can be obtained by Peierls substitution, by
replacing qi by qi + eAi in the Hamiltonian as
V = H(qi + eAi)−H(qi) ∼ viT i + viaσai, (11)
where i is the polarization vector. For linearly polarized
light, the transition rate Γ is of the form
ΓW ∼ i(v2W )ijj −
(i(v
2
W )
ijqj)
2
qi(v2W )
klqk
. (12)
In the numerical calculations, we consider absorption
only due to excitation of chiral fermions. Under this as-
sumption, we can ignore the constant factors in ΓW be-
cause it appears in both the numerator and the denomi-
nator of Eq. (10).
4In order to simplify the numerical calculations, we
utilised the symmetries of the system to decompose the
numerator of Eq. (10) into component tensors, with cor-
responding numerical coefficients N1, N2, N3. The con-
tribution of one cone to the photocurrent is of the form
χ viT (N1[B
j(v−2W )jkv
k
T ][l(v
2
W )
lmm]+
N2[B
ii][v
j
T j ] +N3[B
j(v−2W )jkv
k
T ][v
l
T l]
2) (13)
where the scalar coefficients N1, N2, N3 depend on µ, T ,
and ω.
We numerically calculated this photocurrent for a pro-
totypical material with tetragonal symmetry. We have
assumed 8 tilted Weyl cones (W1) related to each other
by reflection and rotation symmetries, and 16 untilted
cones (W2), also related to each other by reflection and
rotation symmetries, similar to the cone distribution in
transition metal monopnictide class of materials which
includes TaAs. The energies of W1 cones are 10 meV
below the Fermi surface, while the energies of W2 cones
are exactly at the Fermi surface (so they contribute to
absorption but not to the photocurrent). Both sets of
cones have the same untilted Hamiltonians.
For numerical computations, we have chosen a set of
parameters representative of the materials in the TaAs
class. The matrix (v2W )
ij is taken as16 0 00 4 0
0 0 1
× 1010 m2/s2.
The tilt velocity for the type-I Weyl semimetal is assumed
to be viT = (1.8, 1.2, 0)×105 m/s and for the type-II Weyl
semimetal it is assumed to be viT = (3.6, 2.4, 0)×105 m/s.
We considered light polarized along the c axis, inci-
dent on the ac plane of the material, with magnetic field
directed along the b axis, so that the observed current
would be along the a axis, as predicted by Eq. (2). The
other parameters used in the numerical calculations are
given in Table I and the results are shown in Figure 3.
Since the magnitude of the current depends on the tilt
TABLE I: Parameters used for numerical computations
Parameter Value
τ (relaxation time) 4× 10−11 s
B (magnetic field) 0.5 T
R (reflectivity) 0.95
I (light intensity) 106 W/m2
α, maximal current is predicted for the type-II Weyl
semimetals, as shown in Figure 3. For a beam of fre-
quency ω/2pi = 3 THz and spot size 0.5 mm at tem-
perature T = 50 K, the photocurrent is 75 µA for the
type-I Weyl semimetal and 250 µA for the type-II Weyl
semimetal. Note that the resistance of the sample is usu-
ally smaller than the load resistance in experimental se-
tups, resulting in a suppression of the detected current.
As seen in Figure 3, the photocurrent is maximised at
around 50 K. The role of temperature is important since
transitions cannot happen to completely occupied states;
nor can they happen from completely empty states. Tem-
perature allows to avoid the blockade due to Pauli exclu-
sion principle by smearing the occupation fraction. On
the other hand, if the temperature is too high, the magni-
tude of the photocurrent decreases since thermal smear-
ing reduces the difference in occupation fraction between
the two states between which transitions can occur. Note
that it is also possible to observe a photocurrent even at
zero temperature if the frequency is high enough, since
this allows transitions to access the region beyond the
sharp Pauli blockade, which can also be seen in Figure 3.
To summarize, we predict a new type of photocurrent
to occur in Weyl semimetals with broken inversion sym-
metry, time reversal symmetry, and a symmetry with re-
spect to a reflection plane. The class of materials that
satisfy these conditions includes the monopnictides such
as TaAs. In contrast to all previous proposals and ob-
servations of photocurrents in Weyl semimetals, the pre-
dicted transverse chiral magnetic photocurrent can be in-
duced even by a linearly polarized light and does not re-
quire a breaking of reflection symmetry of the crystal; the
current is transverse to the direction of an applied mag-
netic field. The magnitude of the resulting photocurrent
is predicted to be very large in the THz frequency range,
about 75 µA for type-I and 250 µA for type-II Weyl
semimetals. Therefore, the transverse chiral magnetic
photocurrent, especially in type-II Weyl semimetals, can
enable a significant increase in sensitivity of unpolarized
THz radiation detectors.
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